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ABSTRACT. We investigated the expression of S-phase kinase-
associated protein 2 (SKP2) in breast cancer tissues, and the effects of 
SKP2-specific small interfering RNA (siRNA) interference on breast 
cancer cell proliferation. Thirty subjects provided breast cancer 
tissue samples and 18 subjects provided normal breast specimens 
for this study. The expression of SKP2 in breast cancer patient 
tissues and normal breast tissues was detected by western blotting 
analysis and reverse transcription-polymerase chain reaction. SKP2-
specific siRNA was used to decrease SKP2 expression in breast 
cancer cell line MDA-MB-231. The 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay was used to detect 
cell proliferation. SKP2 expression in breast cancer tissues was 
significantly higher than in normal breast tissues (P < 0.05). Two 
pairs of siRNA specific to SKP2 were required to downregulate SKP2 
expression in the breast cancer cell line MDA-MB-231. The MTT 
assay showed that MDA-MB-231 growth significantly slowed after 
SKP2 interference. Patients with breast cancer have an increased 
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SKP2 level. Interference in SKP2 gene expression can inhibit breast 
cancer cell growth, suggesting that SKP2 is potentially a new target 
for breast cancer therapy.
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INTRODUCTION

Breast cancer is a common tumor that threatens women’s health. It is usually caused 
by malignant proliferation of mammary gland cells or acinar cells (Deapen, 2007). The 
incidence of breast cancer has risen markedly in most countries recently. Distal metastasis 
of breast cancer is the main cause of death (Njor et al., 2012; Meads and Moore, 2013). In 
a clinical context, breast cancer usually requires surgery, chemotherapy, radiotherapy, en-
docrine therapy, hormone therapy, biological target therapy, etc. (Brown-Glaberman et al., 
2014). However, there is still no effective way to cure breast cancer (Al Joudi, 2014; Cho 
et al., 2014). Therefore, exploring the mechanism of breast cancer and searching for an ap-
propriate gene therapy is the focus of research into the treatment of the disorder.

Tumorigenesis results in malignant cell proliferation, and involves a long and com-
plex process of single or multiple gene mutation arising from chromosomal damage in the 
normal cell (Polak et al., 2014). Proto-oncogene activation, tumor suppressor gene inacti-
vation, or out-of-control DNA transcription causes disruption to the cell cycle regulation 
mechanism, resulting in malignant cell proliferation (Solyom et al., 2012). Therefore, cell 
cycle regulation is vital for cell proliferation and tumorigenesis. The cell cycle involves cell 
cycle proteins (cyclins) and cyclin-dependent kinase (CDK) enzymes that positively regu-
late cell cycle progression, while cyclin-dependent kinase inhibitor (CKI) plays a negative 
regulatory role (Stivala et al., 2012; Jiang et al., 2014). Interaction between the two compo-
nents controls the cell cycle process. It has been found that S-phase kinase-associated pro-
tein 2 (SKP2), a member of the F-box family with a gene located in the short arm of chro-
mosome 5 (5p13), can interact with the S-phase cyclin-dependent kinase A-CDK2 (Zhang 
et al., 1995). SKP2 constitutes one of the subunits of the ubiquitin protein ligase complex 
SCF-SKP2, which can specifically identify phosphorylated substrates and mediate ubiquitin 
degradation (Chen et al., 2008). SKP2 mainly mediates the ubiquitin degradation of CDK 
inhibitors, such as p21cip1, p27kip1, and p57kip2. Its expression is quite low in the G0/G1 phase, 
but increases in the S phase. Overexpressed SKP2 in the G0/G1 phase leads to an out-of-
control G1/S phase, disruption of cell proliferation, and differentiation (Mamillapalli et al., 
2001; Hao et al., 2005). Therefore, SKP2 is a type of proto-oncogene, and its activation can 
promote the occurrence of tumors.

Recent studies have shown that SKP2 expression can promote the progress of vari-
ous cancers, while SKP2 knock-out can stabilize CKIs resulting in cell cycle stagnation or 
delay (Shibahara et al., 2005; Chen et al., 2014). However, the mechanism by which SKP2 
promotes the occurrence and development of breast cancer is still unclear. In the present 
study, we detected SKP2 expression in breast cancer tissue and investigated its role in can-
cer cell growth to find an effective therapeutic target for breast cancer and elucidate the 
mechanism by which it works.
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MATERIAL AND METHODS

General information

Thirty patients with invasive breast cancer provided tissue samples and 18 patients 
provided normal breast specimens between May 2012 and October 2014. The breast cancer 
patients included: 12 cases in stage I+IIA, 10 cases in stage IIB+III, and 8 cases in stage II+III. 
All the cancer patients were women and their mean age was 56.7 ± 15.6 years. All patients 
received surgical treatment and the specimens were diagnosed by pathological examination. 
The average age of patients in the normal control group was 48.6 ± 13.2 years. There was 
no statistically significant difference in gender and age distribution between the two groups. 
Specimens from patients with related diseases such as mastitis were excluded. All patients 
provided written informed consent. This study was approved by the Ethics Committee.

Experiment reagents

Dulbecco’s modified Eagle’s medium (DMEM) and fetal bovine serum were bought 
from Hyclone Co., Ltd. (Logan, UT, USA). L-glutamine and penicillin streptomycin were 
from Gibco Co., Ltd. (Carlsbad, CA, USA). SKP2 siRNA and control siRNA were designed 
and synthesized by the GenePharma Biological Co., Ltd. (Shanghai, China). The two SKP2 
siRNA synthesis sequences were as follows: siRNA1-F: 5'-tcgaGGGAGTGACAAAGACTT
TGgagtactgCAAAGTCTTTGTCACTCCCTTTTT-3'; siRNA1-R: 5'-ctagAAAAAGGGAGT
GACAAAGACTTTGcagtactcCAAAGTCTTTGTCACTCCC-3'; and siRNA2-F: 5'-AGCTT
TTCCAAAAAAGGGAGTGACAAAGACTTTGTCTCTTGAACAAAGTCTTTGTCACT
CCCG-3';  siRNA2-R: 5'-GATCCGGGAGTGACAAAGACTTTGTTCAAGAGACAAAGT
CTTTGTCACTCCCTTTTTTGGAAA-3'. Lipofectamine 2000 was bought from Invitrogen 
Co., Ltd. (Carlsbad, CA, USA). SKP2, β-actin antibodies, and horseradish peroxidase second-
ary antibody were purchased from Santa Cruz Co., Ltd. (Dallas, TX, USA). An RNA extrac-
tion kit and a reverse transcription-polymerase chain reaction (RT-PCR) kit were purchased 
from Promega Co., Ltd. (Madison, WI, USA).

Cell culture

The breast cancer cell line MDA-MB-231 was maintained in DMEM, with 100 mM 
L-glutamine, 10% fetal bovine serum, and 1% penicillin streptomycin in a humid atmo-
sphere containing 5% CO2 at 37°C. Cells in the logarithmic phase of growth were used for 
all experiments.

Cell transfection

SKP2 siRNA (Shanghai GenePharma Co., Ltd., China) was transfected into 2 x 105 
MDA-MB-231 cells using Lipofectamine 2000 reagent according to the manufacturer instruc-
tions. Cells transfected with the transfection agent and scramble-control siRNA (negative con-
trol) were used as controls. After maintaining in the transfection medium for 6 h, the medium 
was changed to DMEM and cells were cultured for the required time.
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Real-time RT-PCR

Real-time RT-PCR was used to verify differential expression of SKP2. The cDNA 
was synthesized using reverse transcriptase (TaKaRa), and oligo (dT) primers with 1 µg RNA 
from the samples. The primers used were as follows: SKP2: forward primer: 5'-GCTGC-
TAAAGGTCTCTGGTGT-3' and reverse primer: 5'-AGGCTTAGATTCTGCAACTTG-3'; 
β-actin: forward primer: 5'-TGGCACCCAGCACAATGAA-3' and reverse primer: 5'-TA-
AGTCATAGTCCGCCTAGAAGCA-3'.

Each real-time RT-PCR mixture (in 20 µL) contained 2.5X SYBR Green Real-Time 
PCR Master Mix (TIANGEN), 0.5 µM primers, and 0.5 µL template cDNA. The cycling 
conditions consisted of an initial, single cycle of 15 s at 95°C, followed by 40 cycles of 5 s at 
95°C, 30 s at 58°C, and 5 s at 72°C. PCR amplifications were performed in three duplicates 
for each sample. Gene expression levels were quantified relative to the expression of β-actin 
by measuring the optical density at 490 nm (OD490). The differences in gene expression levels 
between groups were compared using the Student t-test. P values < 0.05 were considered to 
be statistically significant.

MTT assay

Cells were seeded on 48-well plates at a density of 5 x 105 cells/well and incubated 
overnight at 37°C. The cells were transfected with siRNA1 and siRNA2 of SKP2 and the 
negative control. The cells were then incubated for different time at 37°C. After addition of 
20 µL 5 mg/mL MTT to each well, the plates were incubated for 4 h at 37°C. Dimethyl sulf-
oxide (300 µL) was added to each well and the absorbance at 490 nm was measured using a 
spectrophotometer.

Western blot analysis

The tissues were digested and homogenized with lysis buffer. Total protein was sepa-
rated by denaturing 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis. Detec-
tion was performed using a Quantity One system. Antibody dilutions were 1:1000 for SKP2 
and 1:5000 for β-actin. Protein levels were normalized to β-actin and changes were deter-
mined.

RESULTS

SKP2 is overexpressed in breast cancer tissue

The breast cancer tissues were confirmed by hematoxylin and eosin staining (Figure 
1). Western blotting was used to detect SKP2 expression in breast cancer tissue samples and 
normal breast tissue. The average OD, determined by the Quantity One system, in the breast 
cancer specimens was compared with that in the normal mammary gland samples. SKP2 ex-
pression in breast cancer tissue was significantly higher than in the normal controls (Figure 
2A). The statistical results are shown in Figure 2B (P < 0.01).
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Figure 2. SKP2 expression in breast cancer tissue and normal breast tissue. A. Western blotting was used to detect 
SKP2 expression; B. SKP2 optical density (OD) value of breast cancer tissue and normal breast tissue. **P < 0.01.

Figure 1. Breast cancer tissue hematoxylin and eosin staining (400X). A. B. Invasive breast cancer; C. D. invasive 
ductal carcinoma.
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SKP2 expression after siRNA treatment in MDA-MB-231

To test whether SKP2 is an effective therapeutic target for breast cancer cells, we de-
signed two pairs of the specificity endogenous interference for SKP2. After transfection with 
siRNA1 and siRNA2 for 48 h, western blotting was used to detect endogenous SKP2 expres-
sion in MDA-MB-231 (Figure 3). siRNA1 and siRNA2 can both disturb endogenous SKP2 
expression in breast cancer cells, but siRNA1 had a greater effect. MDA-MB-231 without any 
treatment were used as the negative control.

Figure 3. SKP2 siRNA effect. After transfection with siRNA for 48 h, SKP2 expression was detected by western 
blotting. N.C. siRNA was used as a negative control.

siRNA SKP2 inhibits MDA-MB-231 proliferation

To test the effect of SKP2 interference on breast cancer cell proliferation, an MTT 
assay was applied. The results showed that after transfection of SKP2 siRNA for 48, 72, and 
96 h, the OD490 value in the SKP2 siRNA group was significantly lower than in the negative 
control siRNA group (Figure 4). This indicated that the cell proliferation capability of the cells 
transfected with SKP2 siRNA was significantly weaker than in those cells transfected with 
negative control. siRNA or normal control cells. The cell proliferation in each group after 
transfection for 24 h showed no significant difference (P > 0.05), while the cell proliferation 
speed slowed down after transfection of SKP2 siRNA for 48 h (P < 0.05) compared with the 
control group. After transfection of siRNA for 72 and 96 h, the OD490 of the SKP2 siRNA 
group was significantly lower than in the negative control siRNA group (P < 0.01), which 
indicated that downregulating SKP2 expression can significantly inhibit the proliferation ca-
pability of the breast cancer cells.

DISCUSSION

Breast cancer is one of the most common malignant tumors in females. Its incidence is 
growing at 2% a year. About 1.2 million women develop, and 500,000 women die from breast 
cancer worldwide every year (Goldner et al., 2014; Keramatinia et al., 2014). It accounts for 
7-10% of malignant tumors, second only in women patients to ovarian cancer. Breast cancer 
often occurs in the mammary gland epithelial tissue, where it poses the greatest threat to wom-
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en (Kreiter et al., 2014). At present, cancer treatments include conventional surgery, radiation 
therapy, chemotherapy, hormone therapy, and cellular immune therapy (Hentschel et al., 2010; 
Antoine et al., 2014). Tumorigenesis is a complicated process that is affected by many things, 
such as genetics, microenvironment, and environmental factors. Activation or inactivation of 
multiple genes and cell proliferation signaling pathways such as PI3K/AKT, Wnt/β-catenin, 
Src signaling pathways are involved. Therefore, finding a safe and effective gene therapy is 
one approach to cancer treatment.

The SKP2 gene is a newly discovered cancer gene that is overexpressed in many can-
cers such as in gastric, lung, colon, prostate, ovarian, and laryngeal cancers, and in glioma (Lu 
et al., 2002; Takanami, 2005; Ben-Izhak et al., 2009; Shi et al., 2011; Wei et al., 2013). SKP2 
is a member of the F-box protein family, which is necessary for DNA replication. It consti-
tutes one of the subunits of the ubiquitin protein ligase complex SCF-SKP2 that participate in 
the ubiquitin-proteasome degradation pathway. Some studies have reported that the ubiquitin 
substrates of SKP2 include various kinds of cell cycle regulatory factors and transcription fac-
tors, such as cyclin A, cyclin B, cyclin E, cyclin D1, p21, p27, p53, p57, and E2F. Our results 
showed that SKP2 expression is significantly higher in patients with invasive breast cancer 
than in normal breasts. Previous research has suggested that SKP2 mainly degrades CKI p27 
in the cell cycle, while high expression of SKP2 in malignant tumors is often accompanied by 
significantly reduced p27 (Pavlides et al., 2013; Chan et al., 2014). This is in agreement with 
our results.

siRNA gene silencing is an important gene function analysis method that is widely 
used in molecular studies (Nielsen et al., 2014). Specifically, siRNA interference can silence 

Figure 4. SKP2 siRNA inhibits MDA-MB-231 proliferation. After transfection with SKP2 siRNA1 or siRNA2 for 
24, 48, 72, and 96 h, a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was conducted 
to assess MDA-MB-231 proliferation capability. N.C. siRNA was used as a negative control. *P < 0.05 and **P < 
0.01 (compared with the N.C. siRNA group).
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genes at the mRNA level. At the cell level, siRNA interference technology shows significant 
inhibitory effects. It is characterized by a shorter action cycle and fewer side-effects, and can silence 
multiple genes specifically with minimized side effects. In the present study, we designed and synthe-
sized two pairs of SKP2-specific siRNA, siRNA1 and siRNA2, and detected the endogenous SKP2 
expression inhibitory effect in breast cancer cells MDA-MB-231. Western blotting showed that SKP2-
specific siRNA1 can effectively inhibit endogenous SKP2 expression in breast cancer cells. Moreover, 
SKP2 silence significantly reduced breast cancer cell MDA-MB-231 proliferation. Therefore, we hy-
pothesize that SKP2 might be a useful target for breast cancer gene therapy. Our study could provide 
an experimental basis and reference for breast cancer gene therapy.
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